Introduction
Currently, embryo transfer (ET) represents a major breeding procedure accelerating genetic progress, mainly in cattle breeding (Merton et al., 2003) . The number of bovine embryo transfers is showing an increasing tendency globally, although during the last 7-9 years the trend has been declining in the Czech Republic. Deterioration of results documents the need for re-evaluation to ensure optimal management and efficient utilization of all factors . The most serious problem in ET is the unreliability of the superovulation reaction (Szabari et al., 2008) characterized by high variability influenced by many internal factors related to the physiological condition of the animal, such as age (Callesen et al., 1996) , breed, genetic differences (Kafi and McGowan, 1997) , or ovarian size (Hegedüšová and Dufek, 2012) . External factors influencing the response to superovulation include nutrition (Berry et al., 2003) , subclinical infections (Leroy et al., 2005) , lactation (Walsh et al., 2011) , repeated superovulation and season (Silva et al., 2009 ).
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the decreased intensity of signs, reduced heat duration, increased incidence of anoestrus, and more frequent silent heat under higher temperature, which may also disrupt follicular development and its dominance in Holstein dairy cows (Wolfenson et al., 1995) . These facts could be evoked by the significant relationships between cattle body and air temperatures (Němečková et al., 2013) because it is generally known that gamete formation is sensitive to temperature (Badinga et al., 1993) .
Metabolic changes have been determined in dairy cows in relation to long-term one-way selection for milk production. This could be caused by the dams´ increased sensitivity to the negative impact of temperature differences during the year, i.e. in respect to the season of the year (Chagas et al., 2007) . Therefore, repeated evaluation of the effect of season on the reproduction capabilities of dairy cows is necessary.
The most common evaluation of bovine embryo quality involves the proportion of viable embryos (Galli et al., 2004 ) and transferable or freezable embryos (Ayasan et al., 2011) in relation to basic factors (Cerri et al., 2009; Lee et al., 2012) . More detailed analysis in relation to the season has been evaluated rather exceptionally, for example, by the effect of hot or cool season on blastulation and hatching blastocyst formation during subsequent embryo culture (Monty and Racowsky, 1987) or on embryo cell number (Hackbart et al., 2010) . Our study brings an innovative application of fluorescent staining techniques for the determination of the embryo cell number, apoptosis and quality of actin cytoskeleton. These characteristics of embryo quality could provide more information about the subsequent developmental potential of embryos compared with basic morphological evaluation. Therefore, the objective of this work was to evaluate the effect of the season of flushing on the yield and cell viability of embryos recovered from superovulated Holstein cows.
Material and methods

Animals
A total of 56 Holstein cows calved between March 2009 and August 2011 were included in the experiment: 28, 11 and 17 cows in the first, second, third and subsequent lactations, respectively. The average parity (PAR) of the cows was 1.9. The average breeding value for kg of milk (BV) of cows was 405.19 kg with standard deviation 410.18. Daily milk yield at the beginning of hormonal treatment (MILK), recorded from milk parlour automatic evidence, averaged 29.48 kg with standard deviation 8.04. All cows selected for observation had no reproductive disorders in the previous period, however, some of them were designated for culling in the near future. This is why days in milk (DIM) varied during the flushing performed, from 40 to 362 days of lactation, with an average of 142 days and standard deviation at the level of 85.9. All cows were classified according to the 5-point scale of body condition score (BCS) by Parker (1989) during the flushing of uterine horns. BCS ranged from 2.0 to 5.0 points, with an average of 2.85 and standard deviation 0.67. The cows were loose housed in a cubicle straw-bedded barn and fed a total mixed ration consisting of maize and lucerne silage, straw, grass and lucerne hay, brewery draft, bakery waste, molasses, commercial concentrates and mineral supplements. The ingredient composition of the diet corresponded to the level of the daily milk yield and feeding rations were completely balanced for energy, protein, fat, as well as mineral and vitamin content. The feeding rations consisted of the same components throughout all of the seasons during the experiment.
Embryo recovery and evaluation
The oestrus of the cows was synchronized by injection of a PGF 2alfa analogue -Oestrophan (Bioveta a.s., Ivanovice na Hane, Czech Republic) during the spring (April to May; n = 27), summer (June to August; n = 10) and autumn (September to November; n = 19). The cows were superovulated by application of porcine pituitary gonadotropin (Pluset ® -FSHp-LHp, Laboratorios Callier, Barcelona, Spain) twice daily for 5 days at 8.00 and 20.00 h (given in a decreasing dose; starting with doses of 150 IU FSH +150 IU LH in the morning on day 11 to 50 IU FSH+50 IU LH in the evening on day 15 of the oestrous cycle). On day 13, Oestrophan was administered for luteolysis. Insemination was performed 4 times by one AI technician with frozen-thawed AI doses of one sire at 12-h intervals starting 12 h after standing oestrous detection. Embryo recovery was performed on the 6 th or 7 th day after the 1 st insemination by a standard non-surgical technique to flush out the uterine horns. The number of corpora lutea (CL) on both ovaries was counted and recorded by one operator during the pre-flushing examination. Uterine flushing was performed with a complete flush solution (Bioniche, Belleville, Ontario, Canada) using a silicone two-way Foley catheter (Minitüb GmbH, Tiefenbach, Germany). Flushed embryos were transferred to the holding medium, phosphate buffered solution (PBS) with 20% foetal calf serum (FCS, Gibco BRL), and assessed using a stereomicroscope. The total number of flushed embryos (TFE) was counted and the embryo recovery rate (ERR) in percent was determined in relation to the number of CL detected. Subsequently, the embryos were evaluated according to their stage of development as transferable (i.e. morulas, blastocysts -TTRANS) and non-transferable (i.e. unfertilized oocytes and fragmented embryos). Thereafter, the TRANS embryos were analysed for apoptotic cell occurrence (T+, TUNEL-index), embryo cell number (ECN), and grades of actin cytoskeleton quality (ACG).
Analysis of embryos for TUNEL, embryo cell number and actin cytoskeleton
Due to the very low number of embryos flushed during the summer, the detailed quality assessment of embryos was performed only in embryos flushed in the spring (n = 35) and autumn (n = 32). These embryos were washed three times for 5 min in PBS-PVP washing solution (PBS with 4 mg/ml polyvinylpyrrolidone; Sigma-Aldrich Chemie, Steinheim, Germany). Then the embryos were fixed in 3.7% neutrally buffered formalin (Fluka, Buchs, Switzerland) for 10 min. Permeabilization was done by 1 h incubation of embryos in 0.5% Triton X-100 in PBS. Afterward, the embryos were processed for apoptosis detection using In situ Cell Death Detection kits (Roche Slovakia Ltd., Bratislava, Slovak Republic) according to the product manual. Briefly, fixed and permeabilized embryos were incubated at 37°C in the TUNEL-detecting solution, consisting of fluorescence-labelled nucleotides (dUTP-FITC, 37 µl) and terminal transferase (TdT, 3 µl), at 37°C for 1 h. Following this incubation the TUNEL-reaction was stopped by washing the embryos three times in PBS-PVP solution. For labelling of actin filaments, the embryos were put into a solution of phalloidine-TRITC conjugate, which is a component of the Actin Cytoskeleton and Focal Adhesion Staining Kit (Chemicon International, Temecula, CA, USA) for 45 min. Thereafter, the embryos were washed three times in PBS-PVP solution, transferred onto a coverslip and covered with 5 ml of Vectashield anti-fade mounting medium containing DAPI stain (Vector Laboratories, Burlingame, CA, USA). The coverslip was attached to the microslide using nail polish. All treatments were performed at ambient temperature. The samples were stored at -20°C until fluorescence analysis. The TUNEL-index was determined on the basis of the proportion of TUNEL-positive nuclei (green fluorescence) to total embryo cell number (DAPI-stained nuclei), which was counted under a Leica fluorescent microscope (Leica Microsystems, Germany) using specific wave-length filters. The actin cytoskeleton was classified according to Tharasanit et al. (2005) on the basis of the appearance of actin filaments in horse embryos, with our adaptation to bovine embryos, as belonging to 3 grades (Makarevich et al., 2012) . Grade I (best quality) -sharply stained actin filaments of reticular shape in cell borders; grade II (fair quality) -blastomeres with less pronounced actin filaments without sharp borders on membranes; grade III (poor quality) -large areas lacking actin staining or visible actin largely aggregated into intracytoplasmic clumps.
Statistical evaluation
The experiment was performed in 6 replications. Variability of PARITY, DIM, BV, MILK and BCS among individual seasons was tested by oneway ANOVA at the level of statistical significance P < 0.05. One-way ANOVA and the Tukey-test were used to analyse differences in the TUNELindex between groups. Since the TUNEL-index was a normally distributed variable, log-transformation of original values was done. The hypothesis of normality was rejected for 'TUNEL cells per embryo' and for 'Embryo cell number'. For these two variables the log-transformation of original values was used. The incidence of fragmented embryos was analysed using the Chi-square test. The treatment effect on actin cytoskeleton quality was tested using the Mann-Whitney U test. All calculations were performed using the SAS software package (SAS, 2001) .
Results
The basic results of embryo flushing according to the season of the experiments performed on Holstein cows are documented in Table 1 . The highest number of dams responded to synchronization and superovulation during the spring, the lowest, during the summer. Three cows did not respond to hormonal treatment in the spring, 2 dams in the summer and 2 in the autumn. The success rate of superovulation was different during the particular seasons. In the spring, 88.89% of the cows positively responded to superovulation, only 80.00% in the summer and the highest proportion was recorded in the autumn, 89.47%. The PAR of treated dams averaged in the groups from 1.5 to 2.2, therefore differences among them ranged from 0.1 to 0.7. The groups of dairy cows were characterized by a BV from 315.88 to 608.37 with differences from 69.29 to 292.49.
The MILK of dams was completely comparable among the groups because the differences ranged only from 0.14 to 0.87 kg of milk. Average DIM ranged from 117 to 147 days in individual seasons, thus the differences were within 30 days. Individual groups of dairy cows slightly differed in the level of BCS, with the highest BCS being recorded in cows treated during the autumn (+0.37 to +0.56 points), while the lowest, in the summer (-0.19 to -0.56 points). None of these differences were statistically significant.
As Table 2 documents, the number of CL was insignificantly different among seasons. A total of 250 CL was recorded in cows flushed during the spring, 118 CL during the autumn, and only 54 CL during the summer. The total number of flushed embryos (TFE) and embryo recovery rate (ERR) values showed similar trends and were significantly (P < 0.001) highest during the spring compared with the summer (TFE 149 embryos, ERR 59.60% vs TFE 20 embryos, ERR 37.04%), whereas they were not significantly different during the autumn (TFE 57 embryos, ERR 48.3%). Although the TFE yielded during the autumn was at a moderate level (57 embryos), the proportion of transferable embryos was significantly higher (+10.56% compared with the spring, respectively, +18.94% compared with the summer; both P < 0.05).
For more detailed evaluation, some of the embryos were analysed for incidence of cytoplasmic fragmentation in particular seasons (Table 3) . A slightly (P > 0.05) lower number of fragmented embryos (-10 embryos) as well as fragmentation rate (-6.45%) was found in the autumn compared with the spring. Table 4 shows the significant (P < 0.05) effect of flushing season on the quality of embryos, expressed as embryo cell number (ECN), number of apoptotic (TUNEL-positive) nuclei per embryo (T+), as well as TUNEL index (T-index) and distribution of embryos according to the quality grades of the actin cytoskeleton (ACG). The results demonstrated that compared with the embryos obtained in the spring (n = 35), the quality of the autumn embryos (n = 32) was higher. Although a smaller total number of embryos was obtained during this season, (-15.17 per embryo), these embryos demonstrated a lower number (-1.33 cell per embryo, P < 0.05) of cells with apoptotic (TUNEL-positive) nuclei. The TUNEL index was lower by even 1.75% (P < 0.05) with a significantly lower standard error of mean during the autumn. Similar results were found in relation to the distribution of embryos into individual actin cytoskeleton grades (I-III). Embryos collected during the autumn contained a significantly (P < 0.05) higher percentage of grade I (best quality actin net) embryos (by 35%) and lower percentage of grades II and III (fair and poor quality actin cytoskeleton) embryos (by 10% and 25%). Spring -April to May, Summer -June to August, Autumn -September to November; RESP -proportion of cows positively responded to superovulation, PARITY -ranking of lactation, BV -breeding value for kg of milk, MILK -daily milk yield on the day of superovulation start, DIM -number of days in milk, BCS -body condition score of embryo donors Spring -April to May, Autumn -September to November; ECN -total embryo cells number (the mean ± SEM); T+ -the number (the mean ± SEM) and T-index -the proportion (the mean ± SEM) of TUNELpositive cells per embryo; ACG -distribution of embryos according to actin cytoskeleton grades; ab means with different superscripts within a row are significantly different at P ≤ 0.05 
Discussion
Embryo transfer (ET) can be used in animal breeding (Duszewska et al., 2012) , mainly as a part of a cattle breeding system (Merton et al., 2003) . Stádník et al. (2013) reported a growing trend of ETs performed worldwide, however, significantly reduced ET cycles have been recorded in the Czech Republic. This declining trend is a motive for its detailed analysis and effectivity evaluation. The most serious problem with ET is unreliability of the potential response to superovulation (Szabari et al., 2008) , correlating with the known fact that fertility is a multi-factorial trait and its level is affected by many factors (Walsh et al., 2011) . At least, we can exclude an interbreed effect, which can occur in superovulation responses (Baruselli et al., 2006) , because only Holstein dairy cows were evaluated in our experiment.
One factor probably influencing reproduction results could be the age of dams. Zavadilová and Štípková (2013) described differences in reproduction of Holstein primiparous cows in relation to age at first calving. Grimard et al. (2013) reported the effect of parity on plasma IGF-I concentrations, number of follicles aspirated per session and fertility traits, but not on the number of oocytes recovered per session or on their quality. They found significantly better reproduction traits in primiparous compared with multiparous cows. According to this, parity needs to be considered when evaluating reproduction results. The average parity of dams observed in our experiments only slightly (from ± 0.1 to 0.7 lactation) differed among individual seasons, which indicates that the effect of parity was insignificant.
The genotype of dairy cows was proved to exert a significant effect on reproduction results (Stádník and Louda, 1999) . Zink et al. (2012) determined the genetic parameters for female fertility in relation to the accuracy of the selection index under different scenarios, when Šafus et al. (2005) stated the necessity of incorporating breeding values for reproduction traits into the Czech selection indexes for the Holstein breed based on the BV for milk production. The average BV in dairy cows flushed during individual seasons fluctuated only within the range of 69-293 kg. If, on the national level, the BV in Czech Holstein cows ranges from 620 to 2615 kg, with a standard deviation of 500.8 kg (Motyčka et al., 2012) , it can be assumed that differences up to 293 kg (only 58.5% of the population standard deviation) could not affect the evaluated traits of embryo yield and quality.
The quantity and quality of the feed ration is another possible effect (Louda and Stádník, 2000) , because feeding management influences MILK and BCS, which in turn, influence reproductive performance (Brun-Lafleur et al., 2013) . Numerous experiments have pointed to the effect of feed intake restriction on growth rate and size of the ovulatory follicle and to the negative effect of excessive nutritional status on the quality (worse) of oocytes and embryos (Yaakub et al., 1999; Armstrong et al., 2001) . On the other hand, Aparicio-Cecilio et al. (2012) who tested addition of selected activators of energy metabolism on dairy cow ovarian activity, reported that it did not affect the serum lipid profile or ovarian activity. The totally mixed ration system of feeding was used during the whole period of our observation and no fresh components (green grass) were fed within the diet. The feed ration consisted of the same components through all of the seasons during the experiments. The feed rations used in our experiments correlated with the current daily milk yield and were balanced for energy, protein, fat, as well as mineral and vitamin content. This fact is confirmed by very low and insignificant differences in MILK and BCS, therefore, we assume that the type of nutrition did not affect the evaluated parameters of embryo yield and quality in our study. Leroy et al. (2008) associated the effect of different DIM with the negative energy balance (NEB) of high-yielding dairy cows occurring in the first 5-10 weeks post partum. The average DIM of groups observed during our experiments ranged from 117 to 147 and differed only up to 30 days. Referring to the common duration of the NEB period, the dairy cows had already probably overcome this lactation phase before the beginning of hormonal treatment and the effect of this factor was insignificant as well.
The health status of dairy cows could be another factor affecting their reproduction abilities. Vacek et al. (2007) revealed significant relationships between the incidence of health disorders and reproduction traits. Similarly, Rajmon et al. (2012) studied mutual relationships between ovarian follicle growth and cyst occurrence in Holstein cows in the Czech Republic. The dams entered into our experiments, however, were pre-selected according to their good health status and previous periods without reproductive disorders.
As has been reported, cow conception rates may be influenced by the quality of AI doses (Beran et al., 2012) and quality of AI technicians' service (Walsh et al., 2011) . In our work, only AI doses obtained from one sire were used and they were applied by one (the same) AI technician; this fact eliminates the possible influence of the sire´s individuality and service quality on the results of the performed AI.
Basing on the above, the effect of season of the year was the main factor that could have influenced the results of our experiments. Previous studies documented that reproductive performance of dairy (Sartori et al., 2002) and beef (Wolfenson et al., 2000) cattle can be influenced by season of the year. It is reduced during the hot summer months, which can be the result of changes in follicular growth, corpus luteum function, expression of oestrous behaviour, superovulatory response, quality of embryos and fertility (Armstrong et al., 2001; Webb et al., 2004; Barati et al., 2006) . Alberghina et al. (2013) detected significant effects of ambient temperature and relative humidity on selected blood metabolites related to the functional metabolism of dairy cows. Therefore, it is possible that the differences in temperature among the seasons of the year can affect embryo quality, because a negative effect of higher temperatures was determined in relation to subsequent follicular development and dominance (Wolfenson et al., 1995) , dominant follicle lifespan (Lew et al., 1993) , as well as conception rate of dairy cows (Silva et al., 2009) .
Our findings corroborate these statements, because the embryo recovery rate and proportion of transferable embryos achieved the lowest level during the summer. Similarly, the proportion of cows that positively responded to superovulation was the lowest in the summer. These facts can be explained by compromised ovarian follicular dynamics (Badinga et al., 1993) , increased ability of the dominant follicle to exert dominance (Wolfenson et al., 1995) , or induced follicular co-dominance (Sartori et al., 2010) under higher air temperature. Lew et al. (1993) reported that the high temperatures could evoke heat stress affecting the enzymatic cascade of steroids in the cells of the dominant follicle, and recent findings indicate that even oocytes are sensitive to higher temperature. Production of embryos by superovulation is also reduced, because a high surrounding temperature affects the embryo, especially at the initial stages of development (Badinga et al., 1993) . This may partly explain the significantly higher production of low-quality embryos and lowest share of transferable embryos obtained during the summer.
Very little information about the cell quality of embryos obtained from dairy cows and evaluated in relation to the season of the year is available. The effect of season has been determined mainly in relation to the conception rate of dairy cows after classic insemination (Stádník et al., 2002) or recipients following embryo transfer (Hasler, 2001) . Our observation brings new and innovative results about the effect of season on the proportion of transferable embryos, as well as their quality, analysed using such invasive techniques as fluorescent staining for embryo cell number, apoptosis and quality of the actin cytoskeleton.
In general, these experiments confirmed an effect of season on the yield and quality of bovine in vivo-recovered embryos. A significantly lower embryo yield, as well as rate of transferable embryos, was found during the summer months. The highest embryo yield was recorded during the spring, while the transferable rate, in the autumn. Moreover, dairy cows flushed during the autumn produced fewer fragmented embryos and a lower percentage of apoptotic cells. Also the highest quality of the actin cytoskeleton was detected in the autumn embryos. These findings explain the highest (P < 0.05) share of transferable embryos collected in the autumn, and show that the autumn as the best season for embryo transfer in cattle .
ET is a biotechnology offering high genetic gain achievement, especially in relation to possible combination with application of genomic technologies. However, the individual steps of ET represent high financial demands; therefore it is very important to increase its effectiveness in general. Determination of the most suitable season of the year can help reach this goal. Our results indicate that the best season for collection of high quality transferable bovine embryos is the autumn. Therefore, we can recommend organizing embryo recovery from high production dairy cow herds during this time of year.
